Suppression of NF-kappaB by cyclosporin a and tacrolimus (FK506) via induction of the C/EBP family: implication for unfolded protein response.
Immunosuppressive agents cyclosporin A (CsA) and tacrolimus (FK506) inhibit cytokine production by activated lymphocytes through interfering with calcineurin. However, little is known about their effects on the function of nonlymphoid cells. We found that, in renal tubular cells, induction of MCP-1 by inflammatory cytokines was blunted by CsA and FK506. This suppression was correlated with induction of unfolded protein response (UPR) evidenced by endogenous and exogenous indicators. The induction of UPR by these agents was reversible and observed generally in other nonimmune cells. Furthermore, administration with CsA in reporter mice caused rapid, systemic induction of UPR in vivo. In TNF-alpha-treated cells, suppression of MCP-1 by CsA or FK506 was associated with blunted responses of NF-kappaB, the crucial regulator of MCP-1. The suppression of NF-kappaB was reproduced by other inducers of UPR including AB(5) subtilase cytotoxin, tunicamycin, thapsigargin, and A23187. CsA and FK506, as well as other UPR inducers, caused up-regulation of C/EBP family members, especially C/EBPbeta and CHOP (C/EBP homologous protein), and overexpression of either C/EBPbeta or CHOP significantly attenuated TNF-alpha-triggered NF-kappaB activation. Furthermore, down-regulation of C/EBPbeta by small interfering RNA substantially reversed the suppressive effect of CsA on TNF-alpha-induced MCP-1 expression. These results suggested that CsA and FK506 confer insensitiveness to TNF-alpha on resident cells through UPR-dependent induction of the C/EBP family members.